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(57) ABSTRACT

A semiconductor mntegrated circuit device includes macros
and area I/Os. The macros are arranged in optional locations
of a first empty area of a gate area 1n a center portion of a
chip, respectively. Each of the area I/Os contains a plurality
of area I/O buflers, and 1s arranged 1n an optional location of
a second empty areca of a total area of the gate area and a
bufler area in a circumierential portion of the chip. A first
macro of the macros 1s connected with a specific one of the
area 1/Os. Here, the specific area I/O may be related to the
first macro and be arranged 1n relation to a location for the
first macro to be arranged.
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SEMICONDUCTOR INTEGRATED CIRCUIT
DEVICE AND LAYOUT METHOD OF
PATTERNS FOR SEMICONDUCTOR

INTEGRATED CIRCUIT DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a semiconductor inte-
grated circuit device, especially to a semiconductor inte-
grated circuit device 1 which degrees of freedom of the
design can be improved.

2. Description of the Related Art

In the design of a semiconductor mtegrated circuit device,
arrangement locations of an I/O butler area and a gate area
are previously determined. For example, the I/O bufler area
1s 1n the circumierential portion of a chip where the semi-
conductor integrated circuit device 1s formed, and the gate
area 1s 1n the center portion of the chip surrounded by the I/O
butler area. IO buflers, basic cells, and macros are arranged
in predetermined areas 1n the design. For example, the I/O
buflers are arranged 1n the I/O area and the basic cells and
the macros are arranged in the gate area.

As a method of increasing the number of 1/O buflers 1n the
semiconductor integrated circuit device, various technmiques
are known. FIG. 1 1s a plan view showing a pattern of the
semiconductor integrated circuit device used 1n a conven-
tional method of increasing the number of I/O buflers.
Referring to FIG. 1, a chip A 101-1 where the semiconductor
integrated circuit device 1s formed has a gate area 105-1 and
a bufler areca 103-1. The gate area 105-1 1s provided for the
center portion of the pattern for the semiconductor inte-
grated circuit device and contains basic cells and macros.
The bufler area 103-1 1s provided to surround the gate area
105-1 over the whole circumierential portion of the semi-
conductor integrated circuit device and contains patterns for
I/0 butlers and pads 104. In this case, the I/O bufler patterns
are arranged 1n the bufler area 103-1 as the circumierential
portion of the chip.

When the number of I/O buflers 1s to be increased, the
length of one side of the chip 1s made long, as shown 1n FIG.
1. That 1s, the chip size 1s made large as shown as a chip B
101-2 which has a gate area 105-2 and a butler area 103-2.
At this time, when the gate size 1s small, a dead space
increases in the gate area 105-2.

In conjunction with the above description, a semiconduc-
tor mtegrated circuit device 1s disclosed in Japanese Laid
Open Patent Application (JP-A-Heise1 4-1717356). The semi-
conductor integrated circuit device of this conventional
example has a gate area provided for the center portion of a
semiconductor substrate and a bufler area provided in the
circumierential portion of the semiconductor substrate. The
butler area 1s divided 1nto a plurality of bufler area portions
along the circumference, and two of the butfler area portions
are separated by a predetermined distance. FIG. 2 1s a plan
view showing the pattern of the semiconductor integrated
circuit device of this conventional example. Referring to
FIG. 2, a chip 111 where the semiconductor integrated
circuit device 1s formed has a gate area 115 and a bufler area
which are connected by signal lines 112. The bufler area has
a plurality of bufler portions, each of which 1s separated into
groups 113. The buller areas portions 113 are provided in the
outermost circumierential buller area portion of the chip 111
without any space and patterns of many I/O buflers are
arranged 1 a line 1n the bufler area portions 113. This
technique has a purpose of increasing the number of 1/O
butlers which can be arranged in the same substrate area or
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2

reducing the substrate area. However, when the plurality of
bufler area portions for the I/O buflers are arranged to
increase the number of the 1I/O bufllers, the bufler area
portions 113 in the inner circumierential portion expands
and the area usable for the gate area 115 reduces.

Also, “I/O floorplanning Guide for SA-12” (International

Business Machines Corporation, ASIC Products Application
Note No. SA14-2309-00, 1998) 1s known. FIG. 3 1s a
schematic plan view showing a pattern for a semiconductor
integrated circuit device of this conventional example. The
semiconductor integrated circuit device pattern has area 1/0s
126 arranged in a matrix and gate areas 125 provided
between the rows of the area I/Os 126 on a chip 121 for the
semiconductor integrated circuit device. The chip 121 1s for
a thp chip, and does not have to provide I/O buflers in the
circumierential portion. The chip 121 uses the area 1/Os 126
as the 1/0O buflers provided 1n the area. A possible arrange-

ment area of the area 1/Os 126 1s predetermined, and the
number of I/O buflers 1s increased 1f necessary.

As described above, an area in which the area 1/0s 126
can be arranged 1s limited. Therefore, 1n case that a large
macro 1s arranged when the number of the I/O buflers 1s
increased, the area I/Os 126 must be reduced. Theretfore, the
number of signals possible to be process corresponding to
the number of 1/O buflers 1s reduced. Also, it 1s necessary to
arrange a basic cell 1n a little distance from the I/O bufler 1n
consideration of influences such as latch up when the basic
cell 1s arranged in the neighborhood of the /O bufler.
Therefore, when all the I/O bullers are arranged 1n the area
[/Os 126, a dead space increases and the gate area 125
decreases.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention 1s to provide
a semiconductor integrated circuit device and a layout
method of the semiconductor integrated circuit device in
which degrees of freedom of the design 1s increased.

Also, another object of the present invention 1s to provide
a semiconductor integrated circuit device and a layout
method of the semiconductor integrated circuit device in
which 1t 1s possible to increase the number of I/O bullers
while generation of a dead space 1s restrained and increase

ot a substrate area 1s restricted.

In an aspect of the present invention, a semiconductor
integrated circuit device includes macros and area 1/0s. The
macros are arranged in optional locations of a first empty
area of a gate area 1n a center portion of a chip, respectively.
Each of the area I/Os contains a plurality of area 1/O bullers,
and 1s arranged 1n an optional location of a second empty
area ol a total area of the gate area and a bufler area 1n a
circumierential portion of the chip. A first macro of the
macros 1s connected with a specific one of the area 1/Os.
Here, the specific area 1/O may be related to the first macro
and be arranged 1n relation to a location for the first macro
to be arranged.

Also, the semiconductor integrated circuit device may
turther include a peripheral I/O provided 1n a fixed area of
the bufler area, and containing a plurality of peripheral 1/O
buflers. A specific one of the plurality of peripheral 1/O
buflers may be connected with a second macro of the
macros. Also, a plurality of logic gates may be provided in
optional locations of the first empty area of the gate area.

Also, each of the macros may be arranged depending on
one of signal processing speed, heat generated in the chip



US 7,263,681 B2

3

during an operation of the semiconductor integrated circuit
device, and connection relation between the macro and
remaining macros.

In another aspect of the present invention, a design
apparatus of a semiconductor integrated circuit may iclude 5
a macro table, a selection section and a layout design
section. The macro table stores macro data and specification
data. The macro data specifies each of a plurality of macros,
and the specification data specifies an area 1/0 correspond-
ing to each of the plurality of macros. The area I/O contains 10
a plurality of I/O buflers and 1s possible to be arranged 1n an
optional location of a first empty area of a gate area and a
circumierential portion on a chip surrounding the gate area.
The selection section refers to the macro table based on data
for specilying each of a plurality of design macros and 15
process data for specitying whether the macro needs to carry
out high-speed signal processing, to select a high-speed
processing macro and the area I/O related to the high-speed
macro. The layout design section arranges the high-speed
processing macro and the area I/0O 1n predetermined loca- 20
tions on a chip such that the high-speed macro 1s arranged
in a second empty area of the gate area and the area 1/O 1s
arranged 1n the first empty area of the gate area and the
bufler area.

Here, the area 1/0 contains the number of I/O buflers in 25
the area 1/O, an arrangement of the I/O buflers and an
optimal arrangement of the area I/O and the high-speed
processing macro.

Also, 1n another aspect of the present invention, a layout
method of a semiconductor integrated circuit device, may be 30
achieved by selecting a high-speed processing macro, 1n
which a signal needs to be processed at high speed, and an
area 1/0 related to the high-speed processing macro based on
design macro data of each of a plurality of design macros to
be laid-out and specification data for specitying whether the 35
design macro 1s the high-speed processing macro; and by
arranging the high-speed processing macro the area 1/O on
a chip which has a gate area 1n a center portion and a bufler
area 1n a circumierential portion.

Here, the selecting step may be achieved by referring to 40
a macro table based on the design macro data and the
specification data to select the high-speed processing macro
and the area I/0O. The macro table stores macro data and
specification data, wherein the macro data specifies each of
a plurality of macros, and the specification data specifies an 45
area 1/0O corresponding to each of the plurality of macros.
Also, the area I/O contains the number of I/O buflers in the
area 1/0, an arrangement of the I/O buflers and an optimal
arrangement of the area I/O and the high-speed processing
macro. The arranging step may be achieved by arranging the 50
high-speed processing macro 1n a first empty area of the gate
area and the area 1/0 1s arranged 1n a second empty area of
the gate area and the bufller area based on the optimal
arrangement.

In another aspect of the present invention, a solftware 55
product executable by a computer for a layout method of a
semiconductor integrated circuit device, the layout method
may be achieved by selecting a high-speed processing
macro, 1n which a signal needs to be processed at high speed,
and an area I/O related to the high-speed processing macro 60
based on design macro data of each of a plurality of design
macros to be laid-out and specification data for specifying
whether the design macro 1s the high-speed processing
macro; and by arranging the high-speed processing macro
the area I/O on a chip which has a gate area 1n a center 65
portion and a bufler area 1n a circumierential portion. Also,
the selecting step may be achieved by referring to a macro

4

table based on the design macro data and the specification
data to select the high-speed processing macro and the area
I/0. The macro table stores macro data and specification
data, wherein the macro data specifies each of a plurality of
macros, and the specification data specifies an area 1/O
corresponding to each of the plurality of macros.

In another aspect of the present invention, a semiconduc-
tor integrated circuit device includes macros, area 1/0s, and
a peripheral I/O. The macros are arranged in optional
locations of a first empty area of a gate area 1n a center
portion of a chip, respectively. Each of the area 1/0s contains
a plurality of area 1I/O buflers, and 1s arranged 1n an optional
location of a second empty area of a total area of the gate
area and a bufler area 1n a circumierential portion of the
chip. The peripheral 1/0 1s provided 1n a fixed area of the
bufler area, and containing a plurality of peripheral 1/O
buflers. A first macro of the macros i1s connected with a
specific one of the area I/Os, and a specific one of the
plurality of peripheral 1/0O buflers 1s connected with a second
macro of the macros.

Also, the specific area I/O may be related to the first
macro and may be arranged 1n relation to a location for the
first macro to be arranged. Also, a plurality of logic gates
may be provided 1n optional locations of the first empty area
of the gate area.

Also, each of the macros may be arranged depending on
one of signal processing speed, heat generated 1n the chip
during an operation of the semiconductor integrated circuit
device, and connection relation between the macro and
remaining macros.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view showing a pattern for a conventional
semiconductor mtegrated circuit device;

FIG. 2 1s a plan view showing a pattern for another
conventional semiconductor integrated circuit device;

FIG. 3 1s a schematic plan view showing a pattern for
another conventional semiconductor integrated circuit
device;

FIG. 4 1s a schematic plan view showing a pattern of a

semiconductor integrated circuit device according to an
embodiment of the present invention;

FIG. 5 1s a diagram showing an example of a specific
pattern of the semiconductor integrated circuit device 1n the
first embodiment:

FIG. 6 1s a diagram showing an example of another
specific structure of the semiconductor integrated circuit
device 1n the first embodiment:

FIG. 7 1s a diagram showing an example of another
specific structure of the semiconductor integrated circuit
device 1n the first embodiment:

FIG. 8 1s a diagram showing an example ol another
specific structure of the semiconductor integrated circuit
device 1n the first embodiment;

FIG. 9 1s a diagram showing an example of a part of the
structure of an area 1/0;

FIG. 10 15 a diagram showing an example of a part of the
structure of a peripheral 1/0;

FIG. 11 1s a diagram showing the structure of a design
apparatus of the semiconductor integrated circuit device;
and

FIG. 12 1s a flow chart showing the layout method the
semiconductor integrated circuit device according to the
embodiment of the present invention.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinatter, a semiconductor integrated circuit device and
a layout method of the semiconductor integrated circuit
device of the present mmvention will be described with
reference to the attached drawings.

FIG. 4 1s a schematic plan view showing a pattern of the
semiconductor mtegrated circuit device according to the first
embodiment of the present invention. However, the present
invention 1s not limited to this arrangement. Referring to
FIG. 4, a chip 1 where the semiconductor integrated circuit
device 1s formed contains a gate area 5 and a bufler area. The
builer area contains a peripheral I/O 2 butler area and area
I/0 3 bufler area.

The gate area 5 1s provided onto the chip 1. The gate area
contains basic cells, macros 4, and logic gates. The gate area
5 may be provided 1n the circumierential portion of the chip
1 1n addition to the center portion. Here, the basic cell 1s a
set of transistor elements for forming a gate. The macro 4 1s
a core or a large basic cell which has a predetermined
tunction like a CPU, a RAM, a ROM, and a multiplier. The
macro 4 1s connected with a specific one of the area I/Os 3
or some of I/O buflers of the peripheral I/O 2 by wiring lines.
The macro 4 may be provided in the circumierential portion
in addition to the center portion of the chip 1.

The peripheral 1/0 2 bufler area 1s fixedly provided for a
part of the circumierential portion of the chip 1. The
peripheral I/O 2 1s formed 1n the peripheral I/O 2 bufler area.
In the peripheral 1/0 2, the peripheral 1/Os are continuously
provided 1n the whole area of the peripheral 1/0 2 butler area
without a space. The peripheral I/O 2 contains, in addition
to the I/O buflers, pads such as signal pads, power supply
pads for the I/O bu ers, and ground pads for the I/O butlers.
There 1s a case that a part of the gate area overlaps with the
peripheral I/O bufller area 2 on the pads provided for the
circumierential portion of the peripheral I/O bufler area. At
this time, there 1s a case that the part of the gate area may
be 1n another layer.

The area 1I/0O butler area 3 can be provided freely onto the
chip 1 and may be provided in a part of the circumfierential
portion of the chip 1. The area I/O 3 buller area contains an
area 1/0 3, which may contain I/O buflers and pads such as
signal pads, power supply pads for the I/O builers, ground
pads for the I/O buflers, connection wiring lines. The area
I/O 3 bufler areca may be provided in the circumierential
portion of the chip depending on the design of the semicon-
ductor integrated circuit device 1 addition to the center
portion of the chip 1. Also, the size of the area I/O buller area
3 1s vanable depending on the design. There 1s a case that a
part of the gate area 3 overlaps with the area 1/O buller area
3 on the pads 1n the circumierential portion of the area I/O
3 bufler area. In this case, however, the gate area S may be
in a different layer from the area I/O bufler area. Here, the
basic cell 1s connected with the area I/0 3 or the peripheral
1/0 2.

In this way, the pad patterns can be provided for an inner
area of the chip 1 1n addition to the circumierential portion
of the chip 1. A flip chip 1s exemplified as the chip. Also, the
semiconductor mtegrated circuit device in the first embodi-
ment has the gate area 5 and a buller area which contains the
peripheral I/0O 2 buller area and the area I/O 3 buller areas.
However, the gate arca 5 and the buller area are not
predetermined in the arrangement locations and can be
arranged freely. That 1s, a set of one macro 4 and area I/Os
relating to the macro 4 1s prepared as a design unit, and the
area I/0O may contain I/O buflers, signal pads, power supply
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6

pads for the I/O buller, ground pads for the I/O bufler, and
connection wiring lines for connecting the 1/O buifler and
cach pad. Hereinafter, the set 1s referred to as a “macro with
area 1/0s”. It should be noted that a circuit block combined
with the macro 4 may be peripheral 1/Os 2 instead of the area
I/0Os 3. The macro 4 may be combined with the peripheral
I/O 2 and the area 1/0O 3.

Thus, 1t 15 easily realized to automatically arrange the
macro with the area I/Os 1n an optional location on the chip
1. Also, by using both of the peripheral 1/O 2 bufler area and
the area I/O 3 buller areas, 1t 1s possible to increase the
number of I/O buflers or the number of signals to be
processed, while the increase of a dead space 1s restrained.

As shown i FIG. 4, in this semiconductor integrated
circuit device, the peripheral I/O 2 buller area and the area
I/O 3 butler areas are realized on the same chip 1. Some of
the area I/O 3 bufler areas are arranged 1n the gate area 5 of
the center portion of the chip. The area I/O 3 bufler area can
be arranged 1n the neighborhood of the macro 4 (core). Also,
the neighborhood of the area I/O 3 bufler area can be used
as the gate area 5. The 1/0 buflers 1n the peripheral 1/O 2 are
arranged in the circumierential portion without any space.
That 1s, 1t 1s possible to increase the number of I/O buflers
or the number of signals to be processed, using the combi-
nation of the peripheral I/O 2 bufler area and the area 1/O 3
bufler areas, while suppressing a dead space.

Also, the buller area of the area 1/O 3 used for one of the
macros 4 or one of the basic cells which 1s necessary to input
and output a signal at high speed (for example, equal to or
more than 500 MHz) may be arranged 1n the neighborhood
of the macro 4 or the basic cell. The macros 4 and the basic
cells other than the above macro or basic cell are arranged
in another portion of the gate area 5. Thus, it 1s possible to
improve a signal processing rate on the chip 1. In addition,
a signal delay can be improved so that it becomes easy to
adjust the timings of the mput and output of the signal.

Next, an example of a specific pattern structure of the
semiconductor 1ntegrated circuit device will be described. It
should be noted that it 1s supposed that the area sizes of the
chips shown 1n FIGS. 5 to 8 are equal to each other and the
number of pads for one side 1s 29 and 1s common to these
chips. Also, the present invention 1s not limited to the pattern
structure of FIGS. 5 to 8. The present invention 1s applicable
even when the size of the I/O builer on the chip and the
arrangement structure of the pads (lattice form, or staggered
form), and the pad pitch are changed.

FIG. 5 shows the chip 11 which has a peripheral 1/O builer

areca 12 and a gate area 15, but does not have the area 1/0
bufler area. This structure 1s similar to the conventional
example shown in FIG. 1.

The peripheral 1/O 12 contains an I/O power supply 17 as
a power supply pad for the IO bufler (shown as V1 1n the
figure and same hereinafter), an I/O GND 18 as a ground pad
for the I/O bufler (shown as G1 in the figure and same
hereinafter), and a signal terminal 19 as a signal pad (shown
as S 1n the figure and same hereinafter). The number of
signal terminals 19 corresponds to the number of pins 1n the
chip 11. In FIG. 5, there are 332 pins. The other functions of
the gate area 15 and the peripheral I/O 12 are same as those
of the gate area 5 and the peripheral 1/O 2 1n FIG. 4.

FIG. 6 shows a chip 21 which has area I/O bufler areas,

but does not the peripheral 1/0. The chip 21 has bufler areas
for the area 1/Os 23 and a gate area 25. The area 1/O 23

contains an I/O power supply 27 as a power supply pad (V1)
for the I/O bufler, a signal terminal 29 as an I/O GND 28 as
a ground pad (G1) for the I/O bufler, and a signal pad (S).

The number of signal terminals 29 corresponds to the
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number of the pins in the chip 21. In FIG. 6, there are 416
pins. The chip 11 of FIG. 5 and the chip 21 of FIG. 6 have
the same area. That 1s, the number of pins in FIG. 6 1s 1.25
times more than that of FIG. 5 and the number of I/O buflers
or the number of signals increases even in the same area. The
other functions of the gate area 25 and the bufler areas for

the area I/Os 23 are same as those of the gate area 5 and the
builer areas for the area I/O 3 of FIG. 4.

FIG. 7 shows a chip 31 which has buller areas for area
I/0s 33, a buller area for peripheral 1/Os 32 and a gate area
35. The peripheral 1/O 32 and the area 1/O 33 contain an I/0
power supply 37 as a power supply pad (V1) for the I/O
butler, a signal terminal 39 as an I/O GND 38 as a ground
pad (G1) for the I/O buller, and a signal pad (S). The other
functions of the gate area 35, the butler area for the periph-
eral I/Os 32 and the builer areas for the area I/Os 33 are same
as the gate area 5, the bufler area for the peripheral 1/Os 2
and the bufler areas for the area 1/0 3 1n FIG. 4. The number
of signal terminals 39 corresponds to the number of the pins
in the chip 31. In FIG. 7, there are 476 pins. The chip 11 of
FIG. 5 and the chip 31 of FIG. 7 have the same area. That
1s, the number of pins of FIG. 7 1s 1.43 times more than that
of FIG. 5 and the number of I/O buflers or the number of
signals increases even in the same area.

FIG. 8 shows a chip 41 which has the bufler areas for the
area 1/0s 43, the buller area for the peripheral 1/Os 42, and
a gate area 435. Tn this case, the gate areas 45 1s increased and
the number of area 1/0s 43 are decreased, comparing with a
case of FIG. 7. The peripheral I/O 42 and the area /O 43
contain an I/O power supply 47 as a power supply pad (V1)
for the I/0O bufler, a signal terminal 49 as a signal pad (S),
and an I/O GND 48 as a ground pad (G1) for the 1/O bufler.
The other functions of the gate area 45, peripheral 1/0 42
bufler area and area 1/0 43 buller areas are same as the gate
area 3, peripheral I/O 2 and area I/O 3 of FIG. 4. The number
ol signal terminals 49 corresponds to the number of the pins
in the chip 41. In FIG. 8, there are 412 pins. The chip 11 of
FIG. 5 and the chip 41 of FIG. 8 have the same area. That
1s, the number of pins of FIG. 8 1s 1.24 times more than that
of FIG. § and the number of I/O buflers or the number of
signals 1ncreases even 1n the same area.

In the gate area 15, 105 where a basic cell 1s arranged in
the conventional examples as shown in FIG. 5 and FIG. 1,
an area 1/0 23, 33, 43 1s arranged as shown in FIGS. 6 to 8.
By using the peripheral I/O 32, 42, a signal density for a unit
area or the number of I/O bullers can be increased largely.
Also, the chip size can be reduced by moving a part of the
peripheral I/O as the area I/O to the empty area in the gate
area.

FIG. 9 1s a diagram showing an example of a part of the
structure of the area I/0. The area 1/0 1s composed of pads
51, I/O buflers 52, an area I/O body 53, guard ring cells 54,
wiring lines 35 (-1 to -2), and a dead space 56. Each of the
pads 51 1s a signal pad, a power supply pad for the I/O butler
or a ground pad for the I/O buller (In FI1G. 9, they are not
clearly shown). Each of the pads 51 1s connected with one
of the I/O buflers 52 by the wiring line 55. It should be noted
that only the wiring line 55-1 and the wiring line 55-2 are
shown as the wiring line 55 1n FIG. 9. The area I/O body 53
contains the I/O buflers 52 and the guard ring cells 54.
Although the basic cell or the macro 1n the gate area 1s
formed in the same layer as the area I/O body 53, the area
I/0 body 53 1s separated from the basic cell or the macro (not
shown) by the dead space 56. The pads 51 1n the area I/O and

a part of the basic cell or the macro are in different layers and
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overlap with each other. The guard ring cells 54 are provided
for the both edges of the area I/O body 53 for the latch up
measurement.

FIG. 10 15 a diagram showing an example of a part of the
structure of the peripheral 1/0. The peripheral 1/0 1s com-
posed of pads 61, I/O builers 62, a peripheral 1/0 body 63,
wiring lines 65, and a dead space 66. The pads 61 are same
as the pad 51. Each of the pads 61 1s connected with one of
the 1/0 buflers 62 by the wiring line 65. It should be noted
that only one of the wiring lines 63 1s shown 1n FIG. 10. The
peripheral 1/O body 63 contains the I/O buflers 62 and 1s
separated from a basic cell or a macro (not shown) provided
in the central portion of the chip by the dead space 66. That
1s, the basic cell or macro 1n the gate area 1s 1n the same layer
as the peripheral I/O body 63. Also, the pads 61 of the
peripheral I/O and a part of the basic cell or macro are in
different layers and overlap with each other.

Generally, a space 1s necessary between the 1/0 butler 52

or 62 and the basic cell or macro. Therefore, 1t 1s necessary
to provide the dead space 56 or 66 as shown 1n FIG. 9 or 10.
The basic cells or macros are arranged around the area 1/0
body 53. Therefore, when many area 1/0 bodies 53 are used,
a total area of the dead spaces 56 1s larger than a total area
of the dead spaces 66. Also, the guard ring cells 54 are
arranged 1n the both edges of the area 1/0O body 33. There-
fore, the I/O bufler arrangement area 1s necessary more
widely than the peripheral I/O body 63.
The dead spaces were calculated from the chip of FIG. 6
and the chip of FIG. 8 1n which the number of signal pins 1s
approximately the same. The calculation results are shown
below. It 1s supposed that the I/O bufler size 1s 250 umx50
um, the guard ring cell size 1s 250 umx20 um, the pad pitch
1s 250 um, and the interval between the 1/0O bufler and the
basic cell 1s 10 um.

Case of FIG. 6 (Only the area I/O): 681,200 um~
Case of FIG. 8 (peripheral I/O+area 1/0): 341,000 um®

That 1s, 1n case of FIG. 8, the dead space can be restrained
to about 2, compared with the case of FIG. 6. Therefore, 1T
the use of many area 1/Os 1s avoided through the combina-
tion of the peripheral I/O and the area I/0, the dead space
can be restrained. By restraining the dead space, the number
of the signals or the number of the I/O buflers for a unmit area
can be 1ncreased.

Next, a layout method of the semiconductor integrated
circuit device according to the embodiment of the present
invention will be described.

FIG. 11 1s a diagram showing the structure of a design
apparatus to which the layout method of the semiconductor
integrated circuit device 1s applied. The design apparatus 70
1s composed of a design apparatus body 71, a display unit 75
and an mput/output unit 76. The design apparatus body 71
1s an 1nformation processor which 1s exemplified as a work
station. The design apparatus body 71 1s connected with the
input/output unmit 76 and the display unit 75. The mput/
output unit 76 carries out iput of data necessary for data
processing and output of data processing result, and the
display unit 75 displays mput and output contents and so on.
The design apparatus body 71 1s composed of a layout
design section 72 as a program, a selection section 73 and a
macro table 74.

The macro table 74 stores macro data and data of the area
I/0Os 3 used for the macros 4. For example, the macro data
contains names and kinds of macros. Also, for example, the
area 1/0 data contains the number and arrangement of I/O
buflers, the number and arrangement of signal pads related
to the 1/0 buflers, power supply pads for the I/O buflers and
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ground pads for the 1/0 bullers, a wiring line which connects
the I/0 bufler and each pad, and optimal arrangement of the
area I/0O 3 and the macro 4).

The selection section 73 refers to the macro table 74 based
on data of a design macro and specification data, containing
a macro name and a kind of the macro, and used to specity
a macro which needs high-speed processing of a signal to
select a high-speed processing macro 4 and an area 1/0O 3
combined with the high-speed processing macro 4. Thus, a
set of the macro and the area I/O 1s generated.

The layout design section 72 carries out the layout design
to arrange the set of the macro and the area I/O 1n a
predetermined location on the chip 1. Also, the layout design
section 72 contains an automatic design program which 1s
conventionally known, and the layout design section 72 can
carry out the automatic design of the chip based on the
above-mentioned layout design.

Next, the layout method of the semiconductor integrated
circuit device according to the embodiment of the present
invention will be described. FIG. 12 1s a flow chart showing
the layout method of the semiconductor integrated circuit
device according to the embodiment of the present inven-
tion.

(1) Step S01

A designer inputs from the mput/output unit 76, data
about the kinds of a plurality of design macros 4 used to
design the chip 1, and the specification data as the data for
specilying the high-speed processing macro of the design
macros 4. The specification data contains the macro name,
and the macro kind. However, the high-speed processing
macro may be specified using the characteristics of the

processing speed (Tor example, 500 MHz) or a priority when
the macro 1s arranged on the chip 1.

The selection section 73 refers to the macro table 74 based
on the plurality kinds of macros 4 and the specification data
to selects a high-speed processing macro 4 which needs to
input and output a signal at high speed. Then, the selection
section 73 takes out an area I/O which contains the number
and arrangement of the I/O buflers to be used for the
high-speed processing macro 4 from the macro table 74. The
selection section 73 prepares the high-speed processing
macro 4 and the area 1/O 3 relating to the high-speed
processing macro 4 as a set which 1s a unit in case of the
design.

(2) Step S02

The layout design section 72 arranges the set of the
high-speed processing macro and the area I/O 1n a location
of the gate area 5 suitable for the high-speed signal process-
ing. The layout design section 72 displays the layout result
on the display unit 75. The designer can move the high-
speed processing macro and the area I/0O to optional loca-
tions of the gate area 5, viewing the displayed arrangement
result.

(3) Step S03

The layout design section 72 checks whether another
high-speed processing macro exists 1n the design macros. I
there 1s not high-speed processing macro exists 1in the design
macros, the layout design section checks whether a middle-
speed processing macro exists 1in the design macros. It there
1s the middle-speed processing macro exists 1n the design
macros, the layout design section 72 selects the middle-
speed processing macro and an area 1/0 relating the middle-
speed macro, through the operation similar to the step S01.
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Then, the layout design section 72 arranges the set of the
selected middle-speed processing macro and the selected

area 1/0 1n desired locations of an empty area of the gate area
like the step S02.

(4) Step S04

The designer inputs other macros 4, basic cells and so on
which are necessary to design the chip 1. The layout design
section 72 arranges the other macros 4 or basic cells 1n the
remaining empty area of the gate area. In this case, it 1s

possible to use a conventionally known automatic design
method.

As shown 1n the above embodiment, the present invention
can be applied by changing the data of macro table 74 1n a
part, even when an I/O bufler size, a pad arrangement
structure (lattice form, and staggered form), a pad pitch and
sO on are changed.

The above layout method can realize to arrange the set of
the macro and the area I/O automatically in the optional
location on the chip 1 easily. Also, by arranging other
macros 4 and basic cells (not illustrated) in a gate area 5, and
by using the peripheral I/O 2 and the area I/0 3, 1t 1s possible
to increase the number of I/O butilers or the number of the

signals while restraining the dead space. It should be noted
that /O to be combined with the macro 4 may be a

peripheral 1/0 2.

As described above, 1n the present invention, the area 1/0
3 and the macros 4 are arranged in optional locations on the
chuip 1 (for example, locations to be desired on the design
such as a circumierential portion or a center portion, loca-
tions 1n the neighborhood of a predetermined element,
locations far from a predetermined element as much as
possible) without predetermined locations to be arranged. In
this case, the present invention 1s applicable even when the
s1ze of the I/O bufler, the arrangement structure of pads (a
lattice form, a staggered form), and a pad pitch on the chip
are changed.

Also, the semiconductor integrated circuit device of the
present mnvention 1s further composed of a peripheral I/O (2)
containing a plurality of I/O buflers provided in the circum-
ferential portion. Also, in the semiconductor integrated
circuit device of the present invention, the macro 4 1is
combined with at least one of the area 1/Os 3 to be used for
the macro 4 and 1s provided 1n an optional location. That 1s,
the macro 4 1s combined with the area I/O 3 for the macro
4 and the area I/O 3 contains an I/O bufler, a signal pad, a
power supply pad for the I/O butler, a ground pad for the I/O
bufler and a connection wiring line. The set of the macro 4
and the I/O 1s arranged in the optional location on the chip
(1).

According to the present invention, a peripheral 1/0 area,
an area 1/0O area, a wiring line areca and so on are not
predetermined and a macro and an area I/O are arranged in
optional locations using the set of the macro and the area
I/O. Therefore, 1t 1s possible to improve the degrees of
freedom of the design.

Also, according to the present invention, a peripheral I/O
area and an area I/O area are not predetermined, an area can
be optionally adjusted according to the necessity, and the
design can be carried out to reduce a dead space which 1s
casy to generate when they are previously determined.
Theretore, 1t 1s possible to increase the number of I/O bullers
or the number of the signals, while the generation of the dead
space on the chip 1s restramned and the increase of the
substrate area 1s restrained.
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What 1s claimed 1s:
1. A semiconductor mtegrated circuit device comprising:

macros arranged 1n optional locations of a first empty area

of a gate area 1n a center portion of a chip, respectively;
and

area 1/Os, each of which contains a plurality of area I/O
buflers, and 1s arranged i1n an optional location of a
second empty area of a total area of said gate area and
a buil

er area 1n a circumierential portion of said chip,
cach of said plural area I/O buflers interfaces with an
external block outside of the chip through a pad,

wherein a first macro of said macros 1s connected with a
specific one of said area 1/Os.

2. The semiconductor integrated circuit device according,
to claim 1, wherein said specific area 1/0 1s related to said
first macro and 1s arranged 1n relation to a location for said
first macro to be arranged.

3. The semiconductor integrated circuit device according
to claim 1, further comprising:

a peripheral I/O provided 1n a fixed area of said bufler
area, and containing a plurality of peripheral I/O buil-
ers,

wherein a spec1ﬁc one of said plurality of peripheral I/O
buflers 1s connected with a second macro of said
macros.

4. The semiconductor integrated circuit device according
to claim 1, further comprising:

a plurality of logic gates provided 1n optional locations of
said first empty area of said gate area.

5. The semiconductor ntegrated circuit device according,
to claim 1, wherein each of said macros 1s arranged depend-
ing on one of signal processing speed, heat generated 1n said
chip during an operation of said semiconductor integrated
circuit device, and connection relation between said macro
and remaining macros.

6. A design apparatus of a semiconductor integrated

circuit comprising:

a macro table which stores macro data and specification
data, wherein said macro data specifies each of a
plurality of macros, and said specification data specifies
an area I/O corresponding to each of said plurality of
macros, and said area I/O contains a plurality of 1/O
buflers and 1s possible to be arranged 1n an optional
location of a first empty area of a gate area and a
circumierential portion on a chip, said circumierential
portion surrounding said gate area, each of said plural
areca 1/O buflers interfaces with an external block
outside of the chip through a pad;

a selection section which refers to said macro table based
on data for specifying each of a plurality of design
macros and process data for specitying whether said
macro needs to carry out high-speed signal processing,
to select a high-speed processing macro and said area
I/O related to said high-speed macro; and

a layout design section which arranges said high-speed
processing macro and said area I/O 1n predetermined
locations on a chip such that said high-speed macro is
arranged 1n a second empty area of said gate area and
said area I/0O 1s arranged 1n said first empty area of said
gate area and said buller area.

7. The design apparatus of the semiconductor integrated
circuit according to claim 6, wherein said area I/O contains
the number of I/O buflers 1n said area I/O, an arrangement
of the IO buflers and an optlmal arrangement of said area
I/0 and said high-speed processing macro.
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8. A layout method of a semiconductor mtegrated circuit
device, comprising:
selecting a high-speed processing macro, in which a
signal needs to be processed at high speed, and an area
I/O related to said high-speed processing macro based
on design macro data of each of a plurality of design
macros to be laid-out and specification data for speci-
tying whether said design macro 1s said high-speed
processing macro; and
arranging said high-speed processing macro and said area
I/0O on a chip which has a gate area in a center portion
and a bufler area 1n a circumierential portion, each of
plural area 1I/O buflers of said area I/O interfaces with
an external block outside of the chip through a pad.
9. The layout method of the semiconductor integrated
circuit device according to claim 8, wherein said selecting
step includes:
referring to a macro table based on said design macro data
and said specification data to select said high-speed
processing macro and said area 1/0,

wherein said macro table stores macro data and specifi-
cation data, wherein said macro data specifies each of
a plurality of macros, and said specification data speci-
fies an area 1/O corresponding to each of said plurality
of macros.

10. The layout method of the semiconductor integrated
circuit device according to claim 8, wherein said area 1/0
contains the number of I/O bullers 1n said area I/O, an
arrangement of the I/O butlers and an optimal arrangement
of said area I/O and said high-speed processing macro,

said arranging step includes:

arranging said high-speed processing macro in a first

empty area of said gate areca and said area I/O 1s
arranged 1n a second empty area of said gate area and
said bufler area based on said optimal arrangement.

11. A software product executable by a computer for a
layout method of a semiconductor integrated circuit device,
said layout method comprising:

selecting a high-speed processing macro, in which a

signal needs to be processed at high speed, and an area
I/O related to said high-speed processing macro based
on design macro data of each of a plurality of design
macros to be laid-out and specification data for speci-
tying whether said design macro 1s said high-speed
processing macro; and

arranging said high-speed processing macro and said area

I/0O on a chip which has a gate area in a center portion
and a buil

er area 1n a circumierential portion, each of

plural area IO buflers of said area I/O interfaces with
an external block outside of the chip through a pad.

12. The software product according to claim 11, wherein

said selecting step includes:

referring to a macro table based on said design macro data
and said specification data to select said high-speed
processing macro and said area 1/0,

wherein said macro table stores macro data and specifi-
cation data, wherein said macro data specifies each of
a plurality of macros, and said specification data speci-
fies an area 1I/O corresponding to each of said plurality
of macros.

13. A semiconductor integrated circuit device comprising:

macros arranged 1n optional locations of a first empty area
of a gate area 1n a center portion of a chip, respectively;

area 1/Os, each of which contains a plurality of area 1/O
buflers, and 1s arranged 1 an optional location of a
second empty area of a total area of said gate area and
a bufler area in a circumierential portion of said chip,
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cach of said plural area I/O buflers interfaces with an
external block outside of the chip through a pad,; and

a peripheral I/O provided 1n a fixed area of said bufler

area, and containing a plurality of peripheral 1/O buil-
ers,

wherein a {irst macro of said macros i1s connected with a

specific one of said area 1/Os, and

a specific one of said plurality of peripheral I/O buflers 1s

connected with a second macro of said macros.

14. The semiconductor integrated circuit device according
to claim 13, wherein said specific area 1/O 1s related to said
first macro and 1s arranged 1n relation to a location for said
first macro to be arranged.

14

15. The semiconductor integrated circuit device according
to claim 13, further comprising:

a plurality of logic gates provided 1n optional locations of
said first empty area of said gate area.

16. The semiconductor integrated circuit device according
to claam 13, wherein each of said macros 1s arranged
depending on one of signal processing speed, heat generated
in said chip during an operation of said semiconductor

1o Integrated circuit device, and connection relation between

said macro and remaining macros.
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